The effects of respiratory movements on the ultrasonic posterior displacement of most of the identi5aMe intrinsic echoes of the cardiac strncturea were recorded and cardiac echoes was seen with deep inspiration, particularanalyzed in 50 consecutive patients. Deep inspiration in ly those of the posterior wall of the left ventricle. Forced cooperative patients resnlted in a considerable incresse expiration produced an opposite or anterior displacement of dense anterior echoes, with blotting out of any distal of the cardiac echoes. Normal respirations showed similar or posterior echoes in 12 of 44 patients (group A). In the but smaller excwsiona second or larger series (32 of 44 patien@ group B), a hile recording the ultrasonic echoes of the heart, particularly those of the posterior wall of the left ventricle, we frequently observed an undulating, distorting, and blocking effect accompanying even normal respiration. It was sometimes necessary to request the patient to hold his breath in order to obtain clear echoes. On instructing our patients to inhale deeply, we found that a fairly consistent relation existed between the respiratory excursion and the resultant displacement of the recorded echoes. In many instances, we were soon able to predict these changes provoked by breathing.
The effects of respiratory movements on the ultrasonic posterior displacement of most of the identi5aMe intrinsic echoes of the cardiac strncturea were recorded and cardiac echoes was seen with deep inspiration, particularanalyzed in 50 consecutive patients. Deep inspiration in ly those of the posterior wall of the left ventricle. Forced cooperative patients resnlted in a considerable incresse expiration produced an opposite or anterior displacement of dense anterior echoes, with blotting out of any distal of the cardiac echoes. Normal respirations showed similar or posterior echoes in 12 of 44 patients (group A). In the but smaller excwsiona second or larger series (32 of 44 patien@ group B), a hile recording the ultrasonic echoes of the heart, particularly those of the posterior wall of the left ventricle, we frequently observed an undulating, distorting, and blocking effect accompanying even normal respiration. It was sometimes necessary to request the patient to hold his breath in order to obtain clear echoes. On instructing our patients to inhale deeply, we found that a fairly consistent relation existed between the respiratory excursion and the resultant displacement of the recorded echoes. In many instances, we were soon able to predict these changes provoked by breathing.
Although it is gmerally known by experienced echocardiographers that respiration can materially alter and even interfere with the recording of the intrinsic cardiac echoes, an analysis of the resultant changes has not been previously reported. Respiratory modifications have been vaguely noted by several observers; however, no systematic study has been reported. Feigenbaurnl and many others have given constructive advice on obtaining improved echocardiograms by empirical rotation of the patient in order to avoid the pulmonary interference. Weyrnan et a12 have noted the influence of respiration on the pulmonary arterial pressure and its pulmonary valvular echoes. This report represents a study of the specific effects of respiratory movements on the recorded echocardiogram. ' The echocardiograms of 50 consecutive male patients were obtained in the usual routine manner with the patient lying supine or tilted toward the left lateral position and with the transducer placed in the left third or fourth interspace lateral to the sternal border. No attempt was made to classify or arrange the patient according to his clinical diagnosis. Usually the aortic root was first visualized; and after its successful recording, the patient was instructed to inhale deeply, then to exhale deeply, and finally to withhold his breathing. A similar procedure was then followed for the mitral valve area and for the posterior wall of the left venhicle. Unless the patient was quite dyspneic or ill, these orders could easily be followed. Echoes were obtained with an ultrasonic scope (Ekoline 20A) and were viewed and recorded on a strip chart recorder (Electronics for Medicine), usually at W mm/second. Both focused and nonfocused 2.25-MHz transducers with diameters of five-eighths inch were used. The depth was usually calibrated to 13 cm (in 1-cm gradations in all cases). and in some instances the total distance was increased' 'to 18 cm in order to reach the M inspiratory displacement of the posterior wall of the left ventricle. The distances of all excursions of the cardiac echoes were measured wherever possible.
With inspiration the antemposterior diameter of the chest increases, and the lungs inflate and expand particularly anteriorly, partly filling the space previously occupied by the heart and the adiacent continuous ribs and sternum.a.4 This -movement produces a posterior displacement and rotation of the heart and its contained structures. The sequence of events can readily be seen upon fluoroscopic examination of a patient lying supine on a flat table with the x-ray tube and viewing screen placed on either side of the patient and utilizing a horizontal beam.
Cardiac displacement was also verified by roentgenograms taken in a normal patient lying on the table in a left lateral position and employing a vertical x-ray beam. Figure 1A and 1B shows roentgenograms taken during deep expiration and
Group

A
In another 12 (27 percent) of the remaining 44 patients, deep inspiration produced a marked in-. crease in anterior echoes confluent with those of the chest wall that completely blotted out any distal or posterior echoes so that only a blank space remained , I (Fig 2) . This was primarily due to the anterior interposition of the lung absorbing and reflecting completely all emitted ultrasonic waves. Edlel.5 was the first to note this high reflection and absorption by the interspaces of the air-filled alveoli. A change in the angle of incidence of the transducer might be
P-
another factor in the production of these anterior echoes. Rotation of the heart might also cause a A variance in the echoes.
-
GroupB
The remaining 32 patients, a larger series of 73 percent of the 44 patients, all demonstrated a posterior displacement of the intrinsic recognizable cardiac echoes on deep inspiration. In these instances the lung expansion only partly blocked transmission of the distal echoes. The most pronounced effect occurred with the echoes of the posterior wall of the left ventricle, which were often displaced 2 cm posteriorly (Fig 3) . An opposite anterior excursion of 1 crn with forced expiration frequently occurred, so that a total deviation of 3 cm was seen with the combined deep respiratory movements. The interventricular septum usually deep inspiration, respectively. It is evident that the air space anterior to the heart has increased considerably during the inspiratory phase, resulting in a posterior displacement of the heart together with a more vertical diagonal axis. During the inspiratory phase, the antemposterior diameter of the thorax, measured from the inner sternal margin to the anterior border of the thoracic spine. increased from 13.3 to 16.3 cm (on the ' ' original unreduced x-ray film ) .
RESULTS
In our series of 50 consecutive patients with various clinical conditions, only six were unable to coop erate and perform the requested respiratory motions b , , 2. hp inspiration produces marked increase in anand, thus, were eliminated from the study. Such deep inspiration (Fig 4) , but their opening and closing slopes remained unchanged. The systolic anterior motion of the posterior wall of the left ventricle was often blunted, and its pulsations were diminished by the inspiratory maneuver but still could be identified. As in group A, the anterior echoes were frequently increased in thickness and density during the inspiratory phase. Often, only moderate inspiration demonstrated the posterior deviation of the cardiac structures, while deep inspiration increased the anterior echoes enough to eliminate.al1 distal signals.
The anterior and posterior aortic mot and the semilunar valves displayed a similar posterior inspiratory deviation, usually of 1 cm (Fig 5) . The posterior wall of the left atrium also paralleled this deviation to the same extent.
The tricuspid valve could also be seen to be displaced posteriorly during deep inspiration (Fig 6) . The influence of normal quiet respiration could sometimes be detected by viewing the undulations of the posterior walls of the left atrium or of the left ventricle, and the respiratory rate per minute could then be determined.
T h i s study demonstrates that respiratory move-
ments produce a displacement of echoes of the intrinsic structures of the heart. With deep inspiration a smaller group ( A ) of the patients show a considerable increase in the anterior echoes, which completely block any distal signals. This primarily results from the anterior interposition of the lungs between the heart and the inner surface of the chest. Yet in a larger group (B) of patients, while the anterior echoes are only moderately augmented, the distal signals can still be identified. Here inspiration produces a uniform posterior excursion of the intrinsic cardiac structures resulting mainly from the posterior displacement of the heart. Forced expiration, in contrast, results in an anterior excursion of the cardiac structures but does not reveal any diminution of the usual anterior or chest wall echoes. Normal respiration produces excursioq similar to those occurring with deep respiration but to a lesser extent.
Both normal and deep respiratory movements usually produce parallel exciusions of the echoes of the intinsic structures, so that the observed diameter of the left venticle or the left atrium remains constant and the size of the cardiac chambers remains essentially unchanged; however, the right ventricular diameter could not be assessed because of the great increase of the anterior echoes camouflaging the right ventricular wall and chamber. As already noted, the valvular and septa1 configurations are not altered by the respiratory movements.
Blunting or decreased anterior systolic movement of the posterior wall of the left venticle on inspiration is an interesting finding frequently seen during this study and occurs together with the posterior deviation of the wall. It is possible that it may be due to a diminished left ventricular filling pressure occurring with forced inspiration. While no change could be detected in the diameter of that chamber, a small decrease in size might not be measurable by the echocardiographic methods employed. Other possible explanations for the blunting are a variation in the angle of incidence of the transducer beam or the influence of longitudinal rotation of the heart. These changes induced by respiration are not meant to represent a new artificial method of recording echocardiograms but rather are intended to eliminate some of the pitfalls in obtaining clear signals. Inspiratory movements not only increase the blocking anterior echoes through anterior pulmonary expansion but may also change the angle of incidence of the transducer ray relative to the heart. There is no evidence that respiratory motion sets up any unusual reverberations which affect the recorded signals other than those mentioned. In a practical way, requesting the patient to hold his breath may enable the examiner to secure clear echoes not otherwise obtainable. A knowledge of the influence of respiratory movements will also help the echocardiographer interpret many distortions and artifacts. The cyclic undulations of the posterior walls of the left ventricle or of the left atrium which are occa-sionally observed are due to normal respiratory diographic patterns of pulmonary valve motion with pulmovements and provide a graphic record of the monary hypertension. Allergy 47:170, 1971) and Bernstein, IL ( J Allergy 49:219, 1972) . Wiithrich, B (Schweiz Med Wschr 100:1908 , 1970 ) observed in sensitized workers employed in detergent plants that provocative inhalation test with proteases elicited asthmatic reaction of early onset. Also, he recorded successful passive transfer test of Prausnitz-Kiistner. Weill, H et a1 (JAMA 217:425, 1971 ) studied workers in plants with relatively high exposure to proteolytic enzymes. In some of these cases they found evidence of intermittent dillhe airway obstruction noted by reduced flow rates and expiratory volumes, delay of timed vital capacity and increase in RV/TLC ratio. It is reasonable to anticipate that improved technology will bring about effective preventive measures.
Andrew L. Banyai, M.D.
